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FOREWORD

Today’s rapidly developing and changing technologies and industrial products and
practices frequently carry with them the increased generation of materials that, if improperly
dealt with, can threaten both public health and ﬂlé environment. The U.S. Environmental
Protection Agency (EPA) is charged' by Congress with protecting the Nation’s land, air, and
water resources. Under a mandate of national environmental laws, the Agency strives to
formulate and implement actions leading to a compatible balance between human activities
and the ability of natural systems to support and nurture life. These laws direét the EPA to
perform research to define our environmental problems, to measure the impacts, and to
search for solutions.’ , | '

The Risk Reduction Engineering Laboratory is responsible for planning, implement-
ing, and managing research, devélopment, and demonstration programs to proﬁde an
authoritative, defensible, engineering- basis in support of the policies, programs, and
regulations of the EPA with respect to drinking water, wastewater, pesticides, toxic sub-
stances, solid and hazardous wastes, and Superfund-related activities. This publication is one
of the products of that research and prdvides a vital communication link between the
researcher and the user community.

This report provides information on the effectiveness of three cleaning methods to
remove asbestos structures from carpet and the airborne asbestos concentrations associated
with the use of each of these methods. Dry vacuuming using vacuum cleaners both with and
without a high-efficiency particulate air (HEPA) filter is compared to wet cleaning using a
hot-water extraction cleaner without a HEPA filter. This report recommends the use of wet
cleaning to remove asbesioé from carpets.

E. Timothy Oppelt, Director L
Risk Reduction Engineering Laboratory
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ABSTRACT

This study was conducted to compare the effectiveness of three cleaning methods to
remove asbestos from contaminated carpet and to determine the airborne asbestos
concentrations associated with the use of each method. The carpet on which the methods

~ were fested was naturally contaminated over a period of approximately 15 to 20 years from

fallout of asbestos-containing material in ceiling tiles and fireproofing. Baseline
measurements showed an average concentration of 1.6 billion asbestos structures per square
foot of carpet. The effectiveness of dry vacuuming using vacuum cleaners with and without
a high-efficiency particulate air filter was compared with that of wet cleaning ixsing a hot-
water extraction cleaner. Overall, wet cleaning with a hot-water extraction cleaner reduced
the level of asbestos contamination in the carpet by approximately 60 percent. No significant
evidence was found to indicate either an increase or a decrmse in carpet asbestos .
concentration after dry vacuuming. Airborne asbestos concentratxons were apprommately 1.3
to 2 times greater during than before the carpet cl&mng activities. The type of cleaner used
did not greatly affect the difference between the airborne asbestos concentration before and
during cleaning. Personal breathing zone concentrations did not exceed the Occupational
Health and Safety Administration (OSHA) action level of .0.1 fiber per cubic centimeter of
air. A reduction in the amount of asbestos in the carpet would suggest a possible reduction
in the potential exposure to custodial workers and building occupants.

International Technology Corporation submitted this document to the U.S.
Environmental Protection Agency’s Office of Research and Development, Risk Reduction
Engineering Laboratory, in fulfillment of Contract No. 68-C0-0016. The report covers the
period from March 1991 to March 1992, and work was completed as of March 31, 1992,
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SECTION 1

INTRODUCTION .

Asbestos-containing materials (ACM) may release asbestos fibers into, the building air

as a result of disturbance, damage{ or deterioration over time. A concern is the extent to
' , which carpet and furnishings may be reservoirs of asbestos fibers and the release behavior of
' these fibers when normal custodial cleaning operations are performed.

The Asbestos Hazard Emergency Response Act (AHERA) requires that all carpeting
in areas of school buildings in which friable ACM are present be cleaned with either a high-
efficiency particulate air (HEPA)-filtered dry vacuum cleaner or a hot-water extraction
cleane:r ("steam c]eaner") witheut HEPA filtration. Liftle quantitative inforrﬁation is
.availa.ble on how effectively these two vacuum cleaners rerr;ove asbestos fibers from carpet
or on the potential for airborne asbestos fibers to become reentrained during Ithe'se carpet-
cleaning activities.

. » | Background
i In 1988, the Risk Reduction Engineering Laboratory (RREL) of the US
En‘vironmental Protection Agency (EPA) compared the effectiveness of dry vecuuming and
wet cleaning for the removal of asbestos fibers from artificially contaminatedz carpet.! In
addition, airborne asbestos concentrations were measured during the cafpet-cleaning
activities., Artificially contaminating the carpet with known levels of asbestos resulted in a

carefully controlled experiment with sufficient replication to demonstrate that the wet
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cleaning method removed significantly more asbestos material from the carpet than did the
dry cleaning method. Both the wet and dry cleaning methods resulted in a significant
increase in airborne asbestos concentrations.?

In 1990,. EPA’s RREL conducted a "real—wor@d" study to determine whether the
experimental results obtained with artificially contaminated 'mrpet would also apply to carpet
naturally éontanﬁnated via the release of asbestos fibers from in-place ACM. | This study was
conducted to compare the effectiveness of three'clwﬁng methods to remove asbestos from
naturally contaminated carpet and to determine the airborne asbestos concentrations
associated With the use of each of these methods. The carpet on which these methods were
tested was naturally contaminéted over a period of approximately 15 to 20 years as a result
of asbestos—coniaining material in ceiling tiles and fir¢proofing on structural rﬁembers above
the ceiling. ;I'he effectiveness of dry vacuuming using vacuum cleaners with and without a
high-éfficiency particulate air (HEPA) filter was compared with that of wet cleaning using a
hot-water extraction cleaner without HEPA filtration. _
Objectives

The primary objectives of this study were 1) to determine the ability c;f three cleaning
methods to remove asbestos structures from carpet, 2) to determine airborne asbestos levels
during carpet cleaning by each of the three cleaning methods, and 3) to compére fiber
concentrations measured by phase contrast microscopy during each cleaning rnethqd with the

Occupational Safety and Health Administration (OSHA) action level of 0.1 fiber per cubic

centimeter.




SECTION 2

CONCLUSIONS AND RECOMMENDATIONS

Conclusions
The following are the principal conclusions reached during this study:

. The test results demonstrate that dry vacuuming alone is not an effective
method for removal of asbestos structures from carpet. The difference
: , between the effectiveness of wet cleaning and dry vacuuming in the removal of
! -asbestos structures from carpet was significant. Wet cleaning reduced the
o  asbestos concentration in the carpet by approximately 60 percent, whereas
there was no significant evidence of either an increase or decrease in asbestos
concentrations after dry vacuuming.

° The type of cleaning method employed had no significant effect on the
difference between airborne asbestos concentrations before and during
.cleaning. Both wet cleaning and dry vacuuming of carpet resulted in a
o statistically significant increase in airborne asbestos concentrations in the work
: -area. Airborne asbestos concentrations were 1.3 to 2 times greater during than
before the carpet-cleaning activities. ’

. The results of this study, which represents carpet with natural asbestos
contamination and wear characteristics, are comparable with results from a
controlled study under artificial, simulated conditions in both efficacy of the
carpet cleaning methods and reentrainment of asbestos structures during carpet-
cleaning activities.

. Removal of the carpet used in the cleaning experiments resulted in a
statistically significant increase in airborne asbestos concentrations in the work
area. Airborne asbestos concentrations were 1.7 to 4.3 times greater during ;
than before carpet-removal activities.

® Although the personal breathing zone samples analyzed prhaise contrast

microscopy (PCM) were all below the OSHA action level of 0.1 fiber per oy
cubic centimeter of air, considerably higher exposures are indicated by the . =
personal breathing zone and work area samples analyzed by transmission -

electron microscopy (TEM). The results of the two analytical techniques
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differ because PCM does not detect the smaller fibers (<5 um in length and
<0.25 um in width) measured by TEM. The structures observed by TEM
analyses were predominantly <5 um in length; that is, 99.6 and 97.1 percent
of the asbestos structures generated during dry and wet carpet-cleaning
activities, respectively, were <S um in length; and 84 percent of those
generated during carpet-removal activities were <5 um in length,

Recommendations

The study conclusions led to the following recommendations:

In buildings containing friable asbestos-containing materials (ACM),
vacuuming of carpets during routine custodial activities to remove general
surface debris should be conducted using dry vacuum: cleaners equipped with a
high-efficiency particulate air (HEPA) filter. Periodic cleaning of carpets
should be conducted to remove asbestos structures using wet cleaning methods
(e.g., a hot-water extraction cleaner). If ACM has been released onto a
carpeted area during an operations and maintenance (O&M) activity or from

fallen surfacing material, the gross debris should be removed with a dry

vacuum cleaner equipped with a high-efficiency particulate air (HEPA) filter
and then followed by wet cleaning of the carpet.

Further research is needed to assess the release of asbestos structures from
carpet during carpet-removal activities in buildings containing friable ACM.
In addition, the research should be directed at evaluating particulate
suppression techniques (e.g., spray-applied encapsulants) as well as the éxtent

and impact of residual levels of asbestos structures on the floor after carpet
removal.




SECTION 3

STUDY DESIGN

Description of Test Site
This study was conducted in the cafeteria area of the East High Rise Bixilding of the
Social Security Administration, Baltimore, Maryland. This area was unoccupied, awaiting
5 the removal of asbestos-containing acoustical.ceiling tiles and ﬁreproofing on étructural
members above the ceiling. The acoustical ceiling tiles contained 1 to S percent chrysotile,
and the fireproofing contained 35 to 40 percent amosite.

The dining area was carpeted with a 0.25-inch cut pile carpet. The carpet was
naturally contaminated over a period of approximately 15 to 20 years from fallout of
asbestos-containing material in the ceiling tiles and fireproofing. The carpet was in good
condition, i-.e., there were no torn or visibly worn areas. There was no'recor‘d of any
asbestos abatement in the cafeteria area before the experiment was conducted.

Figure 1 shows the configuration of the study site. Approximately 3790 f (58 ft x
: 64 ft) of the carpeted dining area was isolated as the test area. The perimeter containment
: walls on the west and south sides were constructed of 2-inch by 4-inch lumbei' with studs

spaced on 24-inch centers. The east and north walls were the exterior walls cjf the building.
; The west and south walls and the ceiling were covered with 6-mil pglyethylenie sheeting to -
. prevent any cross c_ohtaminétion of the area with asbestos. Within the test area, nine equally

dimensioned areas (19 ft 4 in. by 21 ft 4 in.), each with approximately 400 ft? of carpet,
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were defined as experimental test cells. Each test cell was covered by a floor panel

19 ft 4 in. by 21 ft 4 in., which served as a protective barrier égainst Cross contamination
during an experiment. The floor panei Was removed for each experiment and ’replaced after
the experiment was completed. -Th; floor panel frame was constructed of 2-iq. by 4-in
lumber, and 6-mil-thick plastic sheeting was stretched across the top surface. An office
enclosﬁre (appréximately 24 ft by 27 ft) was constructed adjacent to the test area. Entry into
the test area was from the office area through a 5-ft by 13-ft decontamination facility. The
decontamination enclosure consisted of three equally dimensional chambers: equipment-
change room, shower room, and clean room.

Five HEPA filtration units were used to reduce the airborne asbestos concentrations to
ba&kground levels after each experiment (Figure 1). The units were operated during the.
preparation phase of the experiment but not during the carpet-cleaning phase. Four of the
five HEPA units cleaned and recirculated the air, and the fifth unit disbharged the air to the
outdoors via flexible ducting. Makeup air to the test area was obtained from outdoors
through the door at the decontamination facility.

Experimental Design

Three methods of carpet cleaning were evaluated: 1) dry vacuuming w;th a HEPA-
filtered vacuum cleaner, 2) dry vacuuming with a conventional vacuum cleaner (i.e., without
HEPA filtration), and 3) wet cleaning with a hot-water extraction cleaner without HEPA

filtration. Each method was tested three times to yield a total of nine experiments. Three

different HEPA-filtered vacuums (same model), three different conventional vacuum cleaners
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(same model), and three different hot-water extraction cleaners (same model) were used in
.this study so the results would not be influenced by the pecularities of a single unit.

The carpeted area was divided into nine equal areas, each having approximately
400 ft? of carpet. -Dividing the carpet into a large number of smaller areas would have made
the cleaning process less realistic ﬁnd prevented collection -of a sufficient volu;ne of air for .
the measurement of airborne asbestos levels. As a means of allowing for possible spatial
trends in the contémination level across the carpet, the three cleﬁning methods were applied
according to a 3 x 3 Latin square design. The carpet was divided by a grid of three rows
and three columns. Each cleaning method was applied once in each row and each column,
which provided three tests of each method (Figure 2).

A single experiment consisted of the following steps:

1) Collecting six baseline work-area air samples prior to the expeﬁment.
2) Collecting six bulk carpet baseline samples from the test area.
3) © Dry vacuuming or wet cle'aning the carpet for 60 minutes while concurrently

collecting a second set of six work-area air samples and three personal
breathing zone samples.

4) Collecting a set of six postcleaning bulk carpet samples from the treated area.

5) Dry vacuuming or wet cleaning the carpet a second time for 60 minutes while
collecting a second set of three personal breathing zone samples.

6) Collecting a second set of final postcleaning bulk carpet samples from the

treated area.
7 Covering the carpet with the protective floor panel. -
8) Ventilating the entire experimental room with five HEPA- ﬁltratlon units for 4 -
: hours.
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Independence was maintainedvbetween all experiments by covering the carpet with
nine protective floor panels. The area of carpet to be cleaned was uncovered for each
experiment and covered again after the expezimc;nt was completed. After each experimerit,
the entire room was ventilated for 4 hours with five HEPA-filtration units to reduce the
airborne asbestos concentrations to baseline or background levels. The five air filtration
units were not operated during the baseline air monitoring or -during the carpet-cleaning
phase of an experiment.

Sampling Strategy
Carpet Samples

Carpet samples were collected before and after cleaning to determine the effectiveness
of each cleaning method. Six bulk carpet samples were collected both beforé and after
clezning by each cleaning method. After the carpet was cleaned a second time, six additional
bulk carpet samples were collected. Each test area was divided into approximately four
hundred 1-ft® areas (a 19-ft by 21-ft grid) by using a string grid system. Thé carpet w_as then
stratified into three pairs of equally sized sections. One bulk carpet sampling location was
selected at random within each of the six sections. This sampling strategy assured the
collection of representative samples from the entire piece of wﬁet.

Air Samples

Area air samples were collected before and during carpet cleaning to evaluate the
reentrainment of fibers ir_\tq the air during carpet-cleaning activities. Six area air samples
were collected before and six during the first carpet cleaning by each cleanipg method. Area

air 'samplés were not collected while the carpet was being cleaned the second time. Two
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SECTION 4

MATERIALS AND METHODS

Carpet Cleaning Equipment

Fourteen General Service Administration (GSA) field offices in 11 States were
surveyed to identify the most commonly used conventional vacuum cleaner. In 1988, a
similar survéy of 14 GSA offices and six trade associations was conducted to identify the
HEPA-filtered dry vacuum cleaner and hot-water extraction cleaner that were evaluated in
the 1988 EPA study.'?

The HEPA-filtered vacuum cleaner used in this study was the same model that was

“used in the 1988 EPA stuﬂy. The HEPA-filtered hot-water extraction cleaner used in the

1988 EPA §tudy is no longer being manufactured, and a different cleaner with a HEPA-
filtered power head could not be located. Therefore, a hot-water extraction cleaner without
HEPA-filtration manufactured by the same company that made the unit used in 1988 was
selected. The conventional dry vacuum cleaner selected for this study was the model most
frequently mentioned in the GSA survey: |
Nil/"’isk Model GS-80 |

The HEPA-filtered vacuum cleaner selected for this study was the Nilﬁsk Model GS-
80 manufactured by Nilfisk of America, Inc.. The unit had an airflow capacity of 87 ft!/min
and 75 inches static water lift. (Water lift is the maximum amount of force a vacuum can

exert throughout the system if the end of the vacuum hose is completely closéd off.) The
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unit was also equipped with a 16-inch carpet nozzle with a rotating brush. Three different
Nilfisk Model GS-80 vacuum cleaners were used in the study.
Advance AquaClean Model 262500

The hot-water extraction cleaner selected for this study was an AquaC?Iean Model b
262500 manufactured by the Advance Machine Company. The unit had an Mow capacity
of 95 ft*/min and static water lift of 117 inches. The cleaner was equipped with a 3-in.-
diameter by 14-in.-long motorized agitator brush. This cleaner was not equipped with HEPA
filtration. The manufacturer has discontinued manufacturing the AquaClean Model equipped
with a HEPA filter.
Hoover Conquest Model U7071

The conventional vacuum cleaner selected in this study was a Hoover Conquest Model
U7071, manufactured by the Hoover Company. The unit had an akﬂow capacity of 110 ft*
per minute and static water lift of 20 inches. This cleaner was an upright model equipped
with a belt-driven agitator brush. _
Carpet Cleaning Technique

The carpet in eaéh experiment was methodically vacuumed or wet-cleaned for a
petiod of approximately 60 minutes to allow the collection of a sufficient air volume to
obtain an analytical sensitivity of 0.005 s/cm®. Each of the two cleaning periods consisted of

three passes over the carpet with each cleaner. Each pass of the cleaner was at a 90-degree

angle to the previous pass.




Sampling Methodology
Carpet Samples
Bulk carpet samples were collected before and after cleaning with a 10-cm (4-in.).

square template and a utility razor knife. Each carpet sample was cut in half to provide a
duplicate sample for archiving. Each piece of carpet was placed in a separate labeled
container. Wide-mouth polyethylene jars with polypropylene screw caps were used to
contain the carpet samples. The template and utility razor were thoroughly cleaned between
each sample collection to reduce the possibility of cross-sample contaminatioﬁ.
Area Air Samples |

- The area air samples were collected on open-face, 25-mm-diameter, 0.45-um-pore-
size, mixed cellulose ester (MCE) filters with a 5-um-pore-size cellulose support pad
contained in a three-piece cassette. The filter cassettes were positioned cn tripods

approximately 5 ft above the floor with the filter face at a 45-degree angle toward the floor. -

The filter assembly was attached to an electric-powered (110 VAC) 1/6-hp vacuum pump

operating at a flow rate of approximately 9 L/min. Air volumes ranged from 487 to 705 L.

At the end of the sampling period, the filters were turned upright before being disconnected
from the vacuum pump and then stored in this position.

. The sampling pumps were calibrated with a Iﬁrecision rotameter (Manostat Model 36-
546-215) both before and after sampling. The precision rotameter is a secondary standard;
hence, it was calibréted with a primary airflow standard. The quality assurance procedures

and quality control checks specified in the AHERA Final Rule (52 CFR 41826, October 30,
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1987, pages 41871 through 41880) for sampling operations were adhered to during sample
system preparation, sampling, sample recovery, storage, and shipment.
Personal Air Samples

Personal breathing zone air samples were collected on the individual performing the
carpet cleaning during each experiment. This individual wore a personal sampling pump
with the filter assembly positioned in his/her breathing zone. The sainples were collected on
open-face, 25-mm-diameter, 0.8-um-pore-siz¢ MCE membrane filters and cellulo§ support
pad contained in a three-piece cassette with a 50-mm conductive cowl. T heiﬁlter assembly
was attached to a constant-flow, battery-powered vacuum pump operating at a flow rate of
approximately 2 L/min. The sampling assembly was worn for the duration of the carpet-
cleaning activity. Air volumes ranged from 110 to 192 L.

The sampling pumps were calibrated with an electronic mass flowmeter both before
and after samplin'g. The mass flowmeter is a secondary airflow standard; hence; it was
calibrated with a primary airflow standard.

Analytical Methodology
Carpet Samples

A sonication procedure was used to extract asbestos structures from fhe bulk carpet
samples for subsequent analysis by TEM. Particles meeting the definition of a fiber length to
width aspect ratio =3:1 and having substantially parailel sides were classified as chrysotile
or amphibole in accordance with definitions developed by Yamate.® The sonication

procedure is presented in detail in Appendix A.
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Area Air Samples
| The 0.45-um pore-size MCE filters used to collect the area samples were prepared
and analyzed by the EPA TEM laboratory, Cincinnati, Ohio, in accordance with a modified
nonmandatory TEM protocol as described in the AHERA Final Rule (40 CFR: Part 763, p.
41870). The modifications to the AHERA protocol involve the use of the MCE collapsing
method of Burdett and Rood,’ the recording of the size of all asbestos-containing structures,
and the counting criteria as described here. Fibers were sized by measurement of length and
width. Bundles were sized by the length of the longest contained fiber and approximate
average width if the sides of the bundle were stepped. The aspect ratio of the bundle need
not be 5:1 if the fibers composing the bundle meet the 5:1 criterion. Clusterslwere measured
by recording the length and width of the longest asbestos structure within the eluster.-
Matrices were sized by the length and width of the longest asbestos structure i)rotmding from
‘the matrix. The protruding fiber or bundle was >required to have a 5:1 aspect ratio, but the
total visible width of the structure was measured even if it was contained within the mdtrix ‘
particle. A sufficient number of grid openings were analyzed to achieve an analytical
sensitivity of 0.005 s/cm®. The minimum area analyzed on high-volume, lightly loaded
samples was 0.057 mm®. Counting was terminated on heavily loaded samples upon finishing
the grid opening that contained the 100" asbestos structure.
Personal Air Samples
The 0.8-um-pore-size MCE filters used to collect the personal breathing zone samples
. were analyzed in accordance with NIOSH Method 7400 by using phase contrast microscopy

at the EPA TEM laboratory The analytxca] sensitivity was approx1mately 0.01 fiem®. A
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~ subset of these samples was also ahalyzed by TEM in accordance with the protocol described

for the area air samples.
Statistical Analysis
Carpet Samples
A single estimated concentration for each cleaning method and replicate combination

was obtained before and after cleaning by calculating the arithmetic mean of the three
individual estimates. This yielded nine pairs of cohcentrations, three for each cleaning
method. The relative change in asbestos concentration was measured by the ratio of the
concentration after cleahing to the concentration before cleaning. These ratios were
compared by taking the natural logarithm and camparing the averages by standard analysis of
variance techniques.
Area Air Samples

- The statistical analysis of the area air concentrations was similar to tﬂat for the carpet
samples. A singlé estimated concentration for each cleaning method and replicate
combination was obtained before and during éleaning by calculating the arithmetic mean of
the three individual estimates. The relative change in asbestos concentration was measured
by the ratio of the concentration during cleaning to the concentration before cleaning. These

ratios were comparéd by taking the natural logarithm and comparing the averages by

standard analysis of variance techniques.




SECTION 5

QUALITY ASSURANCE

The Quality Assurance Project Plan contains complete details of the qﬁality assurance
procedures followed during this research project.” The procedures used for this study are
summarized in the following subsections.

Sample Custody Procedi:res

Standard sample custody procedures were used to ensure sample traceability. Chain- .
of-custody procedures document the identity of the sample and its handling from its first
existence as a sample until analysis and data reduction are completed. C_ustody records trace
a sample from its collection through all changes of custody until it is transferred to the
‘analytical. laboratory. Internal laboratory records then document the custody of the sample
through its.ﬁnal disposition. | |

Each sample was issued a unique project identification number, which was recorded on a
sampling data form along with the other information specified on the form. After the
labeled sample cassettes were recovered from the sampling trains, the onsite industrial
hygienist completed (in ink) a request-for-analysis form and a sample chain-of;custody
record. The forms accompanied the san?ples, and each person. having custody of the samples
noted receipt of same and éompléted an appropriate section of the form. Samples were
delivered,: by ovemight_ mail to the analytical laboratory. The laboratory’s sample clerk

examined the shipping cqritainer and each filter cassette for any evidence of damage or
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tampering, noted any damage or indication of tampering on the accompanying chain-of-
custody form, and then forwarded the form to the IT Project Manager.
Sample Analyses

Specific quality assurance procedures were used to ensure that the laboratory, tools,
equipment, sampling media, and reagents were clean and fiber-free. These procedureé
included the use of filter lot blanks, open and closed field blanks, and laboratory blanks.

Quality control checks were also performed on a routine basis to verify that the
analysis system was in contfol. Routine quality control testing for asbestos chused on
precision checks, which involve a second count or multiple counts of a sample or a portion
of a sample (i.e., replicate and ciuplicate sample analyses). Selected samples were also
analyzed by a second laboratory. |
Lot Blanks

Filter lot blanks, samples selected at random from the lot of filters used in this study,
were analyzed to determine background asbestos contamination on the filters. The -
background asbestos contamination was determined on 5 percent of the total number of
0.45-um pore-size MCE filters (2000 filters) from the filter lot used in this research study.
The filters were prepared and analyzed in accordance with the nonmandatory AHERA TEM
method. The TEM analysis of the 100 MCE filters showed a background cofxtaminaﬁon of 0
asbestos structures per 10 grid openings on each filter.
Field Blanks

Closed field blanks are filter cassettes that have been transported to thé,sampling'site

and sent to the labératc’:r”y without being opened. Open field blanks are filter cassettes that
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have been transported to the sampling site, opened for a short time (<30 s) without any air
having passed through the filter, and then sent to the laboratory.

One open and twa closed 0.45-um-pore-size MCE filter field blanks were collected
for each of Experiments | thréugh 9 and analyzed by TEM. One-open field blank was also .
collected for Experiment 10.) No asbestos structures were observed on any of the 19 open
field blanks. One asbestos structure was observed on a single closed field blank. No
asbestos étmcutres were observed on the other eight closed field blanks.

One closed 0.8-um-pore-size MCE ﬁlter field blank was collected for each of
Experiments | through 11 and analyzed by PCM. Table 1 presents the results of the 11
closed field blank samples. |

TABLE 1. CLOSED FIELD BLANKS RESULTS FOR 0.8-um MCE
FILTERS ANALYZED BY PCM

Experiment Sample number Total fibers

01P-01CB
02P-01CB
03P-01CB
04P-01CB
05P-01CB
06P-01CB
07P-01CB
08P-01CB
09P-01CB
10P-01CB

SOONG O R WN =
COOOO0 W= ===

Laboratory Blanks
‘Laboratory btanks are unused filters that are prepared and analyzed in the same

manrier as samples to verify that the reagents, tools, and equipment are fiber-free and that no
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TABLE 2. REPLICATE AND DUPLICATE TEM SAMPLE ANALYSES

Concentration, s/cm? . <

Sample Original Replicate Duplicate

04A-05B 0.049 0.073 -

07A-05D 0.044 0.073 -

09A-06D <0.005 <0.005 -

11A-02B 0.036 - 0.026 -

01A-02B 1.852 - 2.073

11A-02D 0.036 - 0.026

Duplicate Analysis
A duplicate sample analysis was also performed to assess the reproducibilty of the
TEM analysis and to quantify the analytical variability due to the filter preparation
procedure. A duplicate analysis is the analysis of a second TEM grid prepared from a
- different area of the sample filter and performed by the same microscopist who performed
the original analysis. Two samples were randomly selected for duplicate analysis. The CV
associated with these four samples was determined as described for the replicate analyses.
The CV for the duplicate sample analyses is 0.17. The results df the original and duplicate
analyses are given in Table 2.
Interlaboratory Analysis
Ten air samples were randomly selected and sent to an outside laboratory for quality
assurance analysis. The interlaboratory analysis is the preparation and analysis of a TEM
grid from a separate areé of the Sample filter and pérformed by the outside laﬁomtory.

These samples served as a quality control check on the primary laboratory’s analysis of the -
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air samples. The original and second TEM analytif:al results for these interlaboratory
samples are given in Table 3. The coefficient of variation was determined as aescﬁbed for
the replicate analyses. The CV for the ihterlaboratory samples is 0.75. A'higher.CV for the
. interlaboratory samples compared with the replicate and duplicate samples is not unexpected

because this variability includes that resulting from a different preparation from the filter and

from interlaboratory variation.

TABLE 3. INTERLABORATORY TEM SAMPLE
ANALYSES ON 0.45-um MCE FILTERS

Concentration, s/cm?

Sample Original Second laboratory
02A-068 0.121 0.169
03A-03B 0.045 0.138
04A-068B 0.045 0.061
OBA-04D 0.067 : 0.098
O5A-058B 0.064 0.028
06A-02D 0.062 0.034
07A-03B 0.035 0.019
08A-04D 0.054 0.065
- OBA-06B 0.026 <0.005
08A-04D 0.047 0.024
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SECTION 6

RESULTS AND DISCUSSION

Fiber Reentrainment
Fixed-Station Area Air Samples

Air sampling results from Experiment 1 (conventional dry vacuum) showed that
average airborne asbestos concentrations decreased during the carpet-cleaning activity,
whereas all other experiments showed an increase in airborne asbestos levels during cleaning.
This anomaly occurred because prior to baseline monitoring in Experiments 2 through 9, the
room was ventilated for approximately 4 hours with the five HEPA-filtration units to reduce
the airborne asbestos contamination from the previous experiment: The HEPA-filtration
lunits wérf; not operating immediately pﬁpr to the baseline monitoring in Experiment 1;
therefore, a:ny activity in the room before baseline monitoring began may ha\(e contributed to
the airborne asbestos levels before the carpet was cleanéd. Because the unusﬁally high
baseline concentrations are believed to have obscured the effect on airborne fiber
reentrainment due specifically to the carpet cleaning activity, the results froml Experiment 1
were omitted from further data analysis. (The results of the statistical analysis of these data
were essentially unaffected by whether the results from léxperiment 1 were or were not
included; nevertheless, these data were omitted because of their misleading effect on the

summary .statistics for the experiments evaluating the conventional vacuum cleaners.)
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Individual TEM air sampling results are presented in Appendix B. Table 4 presents
the summary statistics separately for concentrations measured before and during the first
éleaning stage. ‘Three fixed-station area samples were collected before and dﬁring the first
cleaning stage in each experiment. This yielded a total of 54 area air samples. For eéch
experiment, a single estimated concentration was then obtained before and during cleaning by
taking the arithmetic mean of the three individual estimates. This yielded nine pairs of
concentrations, one for each experiment. These concentrations are presented in Appendix C.
Figure 3 illustrates the average airborne asbestos concentrations measured before and during
the carpet-cleaning activity with each of the three cleaners. An increase in average airborne
asbestos concentrations was observed during carpet cleaning with each of the three cleaners.
Results from the one-factor analysis of variance are sumarized in Table 5. The type of
cleaning method had no statistically significant effect on the difference betweén airborne
asbestos concentrations before and during cleaning (p=0.3127); that is, the rﬁean relative
increase in airborne asbestos concentration during carpet cleaning did not vary significantly
with the type of cleaner. The increase in airborne asbestos concentration during the carpet-
cleaning activity was statistically significant (p=0.004). Specifically, a 95 percent
confidence interval for the mean airborne asbestos concentration during carpet cleayning as a
proportion of the baseline concentration before cleaning showed that the‘overéll me‘an

airborne asbestos concentration was between 1.3 and 2 times greater during carpet cleaning.




-TABLE 4. SUMMARY STATISTICS FOR AREA AIRBORNE ASBESTOS
CONCENTRATIONS BEFORE AND DURING CLEANING

Number of Asbestos concentration, s/cm?®
Cleaning method data points*® Mean Minimum Maximum

Before cleaning

Conventional dry vacuum 2 0.034 0.053 - 0.015
HEPA-filtered dry vacuum 3 0.079 0.025 - 0.163
Hot-water extraction 3 0.046 0.040 - 0.056

During cleaning

Conventional dry vacuum 3 0.047 0.030 0.065
HEPA-filtered dry vacuum 3 0.094 0.043 0.168
Hot-water extraction 3 0.093 0.066 0.109

®Each data point represents the average of three work-area samples.
PResults from Experiment 1 are not included.

TABLE 5. ANALYSIS OF VARIANCE TABLE FOR DIFFERENCE
BETWEEN ASBESTOS CONCENTRATIONS BEFORE AND DURING CLEANING

Degrees Sum of ‘
Source of variation of freedom squares F-value - p-value
Cleaning method 2 0.2311 1.48 0.3127
Average 1 1.9315 1.93 0.0042

Error 5 0.3903

These results are consistent with the 1988 EPA research study that evaluated the
efficacy of two cleaning. methods (HEPA-filtered dry vacuum and HEPA-filtered hot-water -

extraction cleaner) and the airborne concentrations associated with the use of each cleaner on
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’

carpet that was artificially contamina;ed with asbest;)s."2 The éontrolled study also showed
that the cleaning method had no significant effect on the relative increasé in asrbome asbestos
concentration during cleaning. That study further indicated an overall increase in asbestos
concemration that v;/as 2 to 4 times greater during carpet-cleaning activities in comparison

with baseline measurements.
Personal Breathing Zone Air Samples

Results of the individual personal breathing zone air samples collected 'during carpet

cleaning are presented in Appendix D. All personal breathing zone samples were analyzed

by PCM. Table 6 presents the summary statistics for concentrations measured during carpet

cleaning.

TABLE 6. SUMMARY STATISTICS FOR PERSONAL BREATHING ZONE
CONCENTRATIONS (ANALYZED BY PCM) DURING CLEAN]NG

‘ . Number of - Concentration, f/cm?
Cleaning method data points® Mean Minimum | Maximum

During 1st cleaning

Conventional dry vacuum 3 ‘ 0.013 0.005 1 0.021

HEPA-filtered dry vacuum 3 0.012 0.008 0.018
Hot-water extraction 3 0.013 0.009 0.018

During 2nd cleaning

Conventional dry vacuum ‘ 3 _ 0.011 . 0.002 0.022
HEPA-filtered dry vacuum 3 0.012 0.006 0.018
Hot-water extraction ~ 3 ~0.016 0.015 0.019

°Each data point represents the average of three samples.
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Summary results are presented separately for each of the two cleaning $mgcs. Three
personal breathing zone samples were collected during both cleaning stages in an experiment,
which yielded a total of 54 personal samples. For each experiment, a single éstimated
concentration was obtained during the first cleaning and during the second cleaning by taking
the arithmetic mean of the three individual sample results from each cleaning. This yielded
“nine pairs of arithmetic mean concentrations, one for each experimént. These arithmetic
mean concentrations are presented in Appendix E. All 54 individual samples showed
personal breathing zone concentrations below the OSHA action level of 0.1 f/¢em®. The
maximum personal breatlﬁng zone concentration was 0.033 f/cm®. Figure 4 il:lustrates the
average personal breathing zonelconcemratlions measured during the first and second éarpet-
cleaning stages with each of the three cleaners.

Results from the one-factor analysis of variance are summarized in Table 7. The type
of cleaning method had no sfatistically significant effect on the difference between personal
breathing"zo‘ne concentrations during the first and second cleaning (p=0.5716); that is,_ the
m@ relative changF in personal breathing zone concentration during the first and second
carpet cleanings did not vary significantly with the type of cleaner. No statistically
significant increase in personal breathing zone concentration occurred during the two carpet-
cleaning activities (p=0.8458).

| TABLE 7. ANALYSIS OF VARIANCE TABLE FOR DlFFERENCE

BETWEEN PERSONAL BREATHING ZONE CONCENTRATIONS
DURING CLEANING

Degrees Sum of - L
Source of variation of freedom squares F-value _ p-value _
_ Cleaning method . 2 0.2184 0.61 0.5716
Average 1 0.0073 0.04 - 0.8458
Error 6 1.0656
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Thirteen of the 54 personal breathing zone samples were also analyzed by TEM. -

These samples were selected to repreéeni those with the highest fiber concentration measured .
by PCM. The concentrations determined by both PCM and TEM are prese;lted in Table 8.
Overall, the asbestos concentrations determined by TEM were consistenﬂy Higher than the

l total fiber concentrations determined by PCM. This result is not unexpected given the
inability of PCM to detect fibers less the 5 um in length and less than 0.25 um in width.
TEM analysis can measure structures 0.5 um in length and 0.15 um in width. The majority
of §n'uctures observed by TEM analysis were less than 2 um in length. The Pearéon ‘
correlation cpefﬁcient associated with these measurements (r=0.03) indicates no significant
linear relationship between these TEM and PCM concentrations. |

TABLE 8. COMPARISON OF PERSONAL BREATHING ZONE CONCENTRATIONS
MEASURED BY TEM AND PCM DURING CARPET CLEANING

Concentration

Sample number ” PCM, f/em?® TEM, s/cm?®

01P-01D ' 0.016 0.640

02P-01D v 0.017 0.124

02P-01RD o o

03P-03D 0.021 0.117

03P-01CB* O fibers 0 structures

04P-03D 0.013 0.093

05P-03D 0 0.025

06P-03RD 0.015 0.010

08P-03D 0.005 0.034

039P-02RD 0.024 0.040

10P-01D. _ 0.033 0.061 o

10P-01CB* O fibers O structures -

11P-04D 0.061 0.050 .
E *Closed field blank. _ L
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Carpet Removal

After completing the nine designed experiments to determine the efﬁcécy .of the three.
cleaning methods and the airborne asbestos concentrations associated with the use of each
method, the carpet was removed from the floor and rolled up for disposal. Two areas of
contaminated carpet were removed. The first area was located outside the contained test area
in the furniture storage area (Figure 1). The second area was the entire contained test area
(Figure 1).

Furniture Storage Area--Before the carpet was removed from the floor, six baseline,
fixed-station, area air samples wefe collected. During the actual removal of the carpet from
the floor, six ﬁxed-statioﬁ, area air samples and two personal breathing zone samples were
collected. All area air samples were analyzed by TEM; both personal breathing zone
samples were analyzed by PCM and one was also analyzed by TEM. The air monitoring

activity during the carpet removal in the furniture storage area is referred to as Experiment

10. e | -

Contained Test Area--The carpeted area used during the first nine experiments (i.e.;
carpet-cleaning experiments) was also removed from the floor and rolled up. Before the
carpet was removed from the floor, six baseline, fixed-station, area air samples were
collected. During the actual rémoval of the carpet from the floor, six fixed-station, area air
samples and six personal breathing zone samples (three samples on each of two persons)
were collected. All area_aig' samples were analyzed by TEM; all six personal breathing zone
samples were analyzed by PCM and one was also ‘analyzed by TEM. The aif monitorin‘g

activity during the carpet removal in the contained test area is referred to as Experiment 11. =
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~ Tables 9 ér)d 10 present the summary statistics for the area and personal breathing
zone concentrations, respectively. Figuré 5 presents the average airborne asbestos.
concentrations during Experiments 10 and 11. The indi\{idual results for the area and
personal breathing zone samples are presented in Appendices F and G, respec‘tively. -

TABLE 9. SUMMARY STATISTICS FOR AREA AIR CONCENTRATIONS OF
ASBESTOS (DETERMINED BY TEM) BEFORE AND DURING CARPET REMOVAL

, Concentration, s/cm?®
Carpet location Sample period N Mean Minimum Maximum

0.056 0.030 : 0.075
0.079 0.051  0.106

Furniture storage area Baseline
During removal

0.035 0.015  0.053
0.093 0.073 0.155

Contained test area Baseline
During removal

(e oo,

TABLE 10. SUMMARY STATISTICS FOR PERSONAL BREATHING ZONE
. CONCENTRATIONS OF TOTAL FIBERS (DETERMINED BY PCM)
' DURING CARPET REMOVAL

Concentration, f/cm®
Carpet location N Mean Minimum Maximum

F{Jrniture storage area 2 0.046 0.033 0.059

Contained test area 6 0.069 0.045 0.091

During the carpet-removal activities in the furniture storage area, the average airborne
asbestos concentration increased slightly; however, this increase was not statistically S
significanit (p=0.06). The personal breathing zone concentrations were below the OSHA - .

action level of 0.1 f/cm3.
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During -the carpet-removal activities in the contained test area, a significant increase
occurred in the average airborne asbestos concentration (p=0.0004). Specifically, a 95
percent confidence interval for the mean airborne asbestos concentration during carpet-
removal activities as a proportion of the baseline concentration before removal showed that
the mean airborne asbestos concentration was between 1.7 and 4.3 times greater during
removal activities.

Effectivexiesé of Cleaning MethodS

Figure 6 illustrates the average (geometric mean) concentrations of asbestos structures
in the carpet before and after cleaning. The 95 percent confidence intervals for the
geometric mean concentrations are presented in Table 11. Individual results for fhe carpet
samples collected before and after cleaning are presented in Appendix H. For each
experiment, a single estimated concentration was obtained before cleaning, after the first
cleani‘ng, and after the second cleaning by taking the arithmetic average of the three
individual estimates. This yielded nine triplicates of concentrations, one for e:ach
experiment. The average asbestos concentrations in the carpet before and after cleaning are
presented in Appendix I.

After 1Ist Cleaning

Results of the one-factor analysis of variance are summarized in Table 12. The type
of cleaning method had é statistically significant effect on the difference between asbestos
concentrations in the carpet before and after the first cleaning (p=0.0164); that is, the mean
relative.change in asbestos concentration in the carpet aftef cleaning varied significantly with
the'.type 3f cleaner. ‘Thé estimated asbestos concentration in the carpet after c‘leaning asa o
proportion of the asbestos concentration before cleaning for each cleaning meihod and the A

cbm_esponding 95 percent confidence interval are presented.in Table 13.
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TABLE 11. SUMMARY STATISTICS FOR ASBESTOS CONCENTRATIONS
IN CARPET BEFORE AND AFTER CLEANING

Number of Asbestos concentration, billion s/ft?
Cleaning method data points® Geometric mean 95% CI®
Baseline ‘
= Conventional dry vacuum 3 A 1.6 7 | (0.85, 3.1)
HEPA-filtered dry vacuum 3 B ‘ (0.28, 4.0)
Hot-water extraction 3 | 2.0 (1.1, 3.5)

-After 1st cleaning

Conventional dry vacuum 3 2.1 (1.2, 3.7)
HEPA-filtered dry vacuum 3 1.3 (0.39, 4.3)
Hot-water extraction 3 0.85 (0.32, 2.3)

After 2nd cleaning

| Conventional dry vacuum .3 “ 1.3 1{0.23, 7.3,
HEPA-filtered dry vacuum 3 1.4 (0.82, 2.4)
Hot-water extraction 3 0.88 - {0.24, 3.3)

*Each data point represents the average of three work-area samples.
b95 percent confidence interval for the geometric mean.

TABLE 12. ANALYSIS OF VARIANCE TABLE FOR DIFFERENCE BETWEEN
ASBESTOS CONCENTRATIONS IN CARPET BEFORE AND AFTER CLEANING

Degrees Sum of C e

Source of variation of freedom squares F-value ~ p-value )
| Cleaning method 2 2.2432 880  0.0164 -

Error 6 0.7643
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TABLE 13. ESTIMATED ASBESTOS CONCENTRATION IN CARPET AFTER
CLEANING AS A PROPORTION OF THE CONCENTRATION
’ BEFORE CLEANING

Cleaning method p® 95 percent confidence interval
Conventional dry vacuum 1.3 {0.75, 2.1)
HEPA-filtered dry vacuum 1.2 (0.74, 2.0)

Hot water extraction cleaner  0.43 (0.26, 0.72)

*Asbestos concentration in the carpet after cleaning as a proportion of the
concentration before cleaning.

The asbestos concentration after wet cleaning was approximately 0.4 of the asbestos
concentration before gleaning (i.e., a 60% reduction in the concentration). The upper 95
percent confidence limit for this proportion (Table 13) is less than 1, which indicates this is a
statistically significant reduction. |

The asbestos concentration in the carpet after dry vacuuming with a convennonal and

a HEPA- ﬁltered dry vacuum cleaner was 1.3 and 1.2 times the concentration before

- cleaning, respectively (Table 13). The 95 percent confidence intervals for both estimates

include the number 1, which indicates the data do not provide statistically significant
evidence of either an increase or a decrease in asbestos concentratior; after dry vacuuming .
with either a conventional or a HEPA-filtered vacuum cleaner.

These results are consistent with the findings from the 1988 EPA controlled research
study, which evaluated the efficacy of HEPA-ﬁl._iered dry vacuum and HEPA-filtered hot- -
water extg_*action cleaners on carpet that was artificially contan{g_ipatedl;ith asbestos.!? The ‘.
controlled study similarly showed that the efficacy of wet clesning was significantly greater

than that of dry vacuuming. The study showed an approximately 70 percent reduction in
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carpet contamination levels after wet cleaning, compared with an approximatély 60 percent
reduction in this study. The 1988 study. likewise did not show statistically significant
evidence of either.an increase or a decrease in asbestos concentration after dry vacuuming.
After 2nd Cleaning

The carpet was dry-vacuumed or wet cléaned a second time to getermine the effect of
repeat vacuuming or éleaning. The type of cleaning method had no statistically significant
effect on the difference between asbestos concentrations in the carpet after the first and
second cleanings (p=0.5314). Results from the one-factor analysis of variance are
summarized in Table 14. The estimated asbestos concentration in the carpet aifter the second
'cleaningi as a proportion of the asbestos concentration after the first cleaning is given in
Table 15 for each cleaning méthod, together with a 95 percent confidence. The 55 percent
confidence intervals for these estimates irnclude the number 1, which indicates the data do not
provide statistically significant evidénce of either an increase or a decrease in ésbestos_
concentration after cleaning the carpet a second time.

TABLE 14. ANALYSIS OF VARIANCE TABLE FOR DIFFERENCE

BETWEEN ASBESTOS CONCENTRATIONS AFTER THE FIRST AND
SECOND CLEANINGS

v ‘Degrees Sum of _
Source of variation of freedom squares F-value p-value
Cleaning method ‘ 2 0.5522 0.70 0.5314

Error . 6 0.2761
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TABLE 15. ESTIMATED ASBESTOS CONCENTRATION IN CARPET AFTER
CLEANING AS A PROPORTION OF THE CONCENTRATION
BEFORE CLEANING

Cleaning method ( p® 95 percent confidence interval
Conventional dry vacuum 0.63 ' (0.26, 1.5)
HEPA-filtered dry vacuum 1.1 (0.45, 2.6)
Hot water extraction cleaner 1.0 (0.43, 2.5)

®Asbestos concentration in the carpet after the second cleaning as a'propo‘rtion of
the concentration after the first cleaning.
Comparison With 1988 Controlled Carpet Study

A controlled carpet-cleaning study was performed in 1988 with new Wt that had
been sprayed with an aerosol containing known concentrations of chrysotile asbestos.
suspended in water.!? After the carpet had dried, it was rolled with a 200-p6und steel roller
to simulate the effects of normal foot traffic in working the asbestos into the carpet The
results of the present study, which represent a real-world carpet with unknown contaminants,
similar asbestos contamination levels (1.6 biliion s/ft? average), and wear characteristics, are
quite comparable with the results of the high concentration (1 billion s/ff®) controlled
experiment in terms of the reentrainment of asbestos during cleaning proceduxes; i.e., the
airborne asbestos concentrations measured in the present study were 1.3 to 2 times gr&&r

’,

during carpet cleaning versus 2 to 4 times greéter as measured in the 1988 study. The

A

results of:the present study are also i;omparable regarding the effectiveness of the cleaning

methods to remove asbestos structures from carpet; i.e., the present study showed a 60

percent reduction in asbestos concentrations in the carpet after wet-cleaning compared with a
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70 percent reduction in the 1988 study. Both studies showed that dry vacuuming did not
significantly change the asbestos concentration in the carpet. :‘
Structure Morphology and Length Distributions
Carpet Samples

Table 16 presents the asbestos structure morphology and length distributions for the
carpet samples collected before and after cleaning. Overall, the asbestos gtrUCtures were
primarily fibers and matrices, and to a lesser extent, bundles and clusters. Chrysotile and
amosite represented approximately 96 and 4 percent, respectivély, of the asbestos structures
present in 18 baseline carpet samples. The distribution of chrysotile and amosite in the
carpet was unaffected by cleaning; i.e., the data suggest that an equal percentage of

chrysotile and amosite structures were removed or entrained into the air asa result of

cleaning.
TABLE 16. ASBESTOS STRUCTURE DISTRIBUTIONS FROM
_CARPET SAMPLES COLLECTED BEFORE AND AFTER CLEANING -
% Structures®
_ Chryso- v
Sample tile Amosite Fibers Bundles Clusters Matrices
Dry vacuuming
Baseline 96.3 3.7 55.8 9.8 2.4 31.9
After 1st cleaning 96.1 3.9 56.1 12.4 2.4 29.2
After 2nd cleaning 95.7 4.3 61.9 7.5 2.8 27.8
o ' Wet cleaning -

Baseline . 86.5 3.5 68.0 7.3 1.5 23.2 )
After 1st cleaning 96.8 3.2 71.1 7.0 0.2 21.6 -
After 2nd cleaning 96.7 . 3.3 70.0 5.0 2.0 23.0

Total percentage may exceed 100% because of rounding.
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after (bottom) dry vacuuming, as measured by TEM.
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TABLE 17. ASBESTOS STRUCTURE DISTRIBUTIONS FROM
AREA AIR SAMPLES COLLECTED BEFORE AND DURING CLEANING

% Structures®

. Chryso- . ‘ :

Sample tile Amosite Fibers Bundles Clusters Matrices

Dry vacuuming
Baseline 100 0 - 98 0.4 (0] 1.6
During cleaning 99.8 0.2 98 0.2 0.2 1.7
' Wet cleaning

Baseline 97.6 2.4 96.3 o 1.2 2.4
During cleaning 98.2 1.8 75.4 2.9 0.6 21.1

Total percentage may exceed 100% because of rounding.

The distribution of structure morphology was not greatly altéred by dry vacuuming
(Table 17). Wet cleaning, however, produced a substantially larger number of asbestos
matrices than did dry vacuuming. Appreximately 21 percent of the asbestos structures
observed during wet cleaning were matrices compared with 1.7 percent and 2.4 percent for
dry vacuuming and baseline measurements, respectively. There is no apparent reason whyv wet
cleaning produced a substantially larger number of asbgstos matdcés than did dry vacuuming.

Figures 9 and 10 illustrate the size distributions of asbestos structures fgund in the air
before émd during cleaning. These same data are also presented by using a linear scale X-axis -
(Appendix J). Table 18 presents the cumulative size distributions of asbestos structures found
in air both before and after'carpe;t cleaning. The data presented in Figure 9 sﬁow a small -
decrease in the sizé énd--comp]exity of structures in the air during dry vacuuming, whereas - L~
Figure 10 shows a small increase in the size and complexity of structures during wet cleaning.

Approximately 75 percent of the asbestos structures observed during wet cleaning were less
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than 2 um in length compared with 97 percent for dry vacuuming (Table 18). Hence, the wet

cleaning of carpet results in larger asbestos structures becoming airborne as opposed to dry

vacuuming.

TABLE 18. CUMULATIVE SIZE DISTRIBUTIONS OF ASBESTOS
STRUCTURES IN WORK-AREA AIR SAMPLES COLLECTED BEFORE
AND DURING CARPET CLEANING

% Structures and lengths, yum

Sample <1 <2 <3 <4 <5 - <10
Dry vacuuming
Baseline 82.2 98.7 100 100 100 100
During cleaning 74.3 97.2 99.3 899.4 99.6 99.8
Wet cleaning ;
Baseline 72.0 95.1 97.6 98.8 98.8 98.8
During cleaning 50.9 74.9 87.1 93.0 97.1 98.8

Area Air Samples During Carpet Removal

Table 19 presents the asbéstos structure morphology and length distributizms for the
area air samples coliected during carpet removal (Experiments 10 and 11). As during éarpet
cleaning (Tables 16 and 17), chrysotile was the vpredominant form o} asbestos found in the
baseline air samples collected before cleaning. A larger proportion of amosite asbestos
structures, however, were observed in samples collected during removal than in samples
collected during cleamng or in baselme samples collected before removal. Approxlmately 11 ‘~

and 26 percent of the asbestos structures observed in Experiments 10 and 11, respectively,

were amosite, compared with less than 2 percent during cleaning with either method. The
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distribution of structure morphology was similar to that for wet cleaning; i.e., the asbestos

structures were primarily fibers and matrices, and to a lesser extent, bundles and clusters.

TABLE 19. ASBESTOS STRUCTURE DISTRIBUTIONS FROM
AREA AIR SAMPLES COLLECTED DURING CARPET REMOVAL

% Structures®

Chryso-
Sample tile Amosite Fibers Bundles  Clusters Matrices
. Experiment 10
Baseline 97.1 2.9 81.2 4.3 4.3 10.1
During removal 88.7 11.3 67.0 4.1 5.2 - 23.7
Experiment 11
Baseline 100 0 100 0 0 0
‘During removal 73.6 = 26.4 66 2.8 3.8 27.4

® Total percentages may exceed 100% because of rounding.

Fi;gﬁres 11 and 12 illustrate the siie distributions of asbestos structures found in the air
before and during carpet removal. These same data are also presented by using a linear X-
axis scale (Appendix J). Comparison of the déta presented in Figures 11 and 12 shows a
notable decrease in size and increase in complexity of asbestos structures in thevair during the
removal of carpet compared with baseline measurements. During Experiment 11 (removal of
the carpet that had been cleaned in Expériments 1 through 9), approximately 37 percent of the
observed asbestos sfructures were less than 1 um in length compared with approximately‘ 83

percent for the baseline measurements (Table 20). None of the baseline measurements for
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Experiment 11 showed structures greater than 10 um in length, whereas 10 percent of the
structures observed during carpet removal were greater than 10 um in length. Hence, carpet-
removal activities are more likely to release large asbestos structures into the air.

TABLE 20. CUMULATIVE SIZE DISTRIBUTIONS OF ASBESTOS

STRUCTURES IN WORK AREA AIR SAMPLES COLLECTED BEFORE
N AND DURING CARPET REMOVAL

% Structures and lengths, yum.

Sample <1 <2 <3 <4 <5 <10

Experiment 10

Baseline 71 92.8 97.1 97.1 97.1 100

During cleaning 45.4 75.3 82.5 86.6 89.7 | 95.9
Experiment 11

Baseline . - 82.9 95.1 97.6 97.6 100 100

During cleaning 36.8 64.2  73.6  79.2 84.0 90.6
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"APPENDIX A

SONICATION PROCEDURE FOR EXTRACTION
OF ASBESTOS STRUCTURES FROM CARPET SAMPLES

Analytical Method:

A sonication procedure will be used to extract asbestos particles from the carpet swatch
samples for subsequent analysis by TEM.

Sample preparation: A 5-cm x S-cm area of carpet is placed carpet-side down into a
1000-mL polypropylene disposable beaker containing 100 mL of a 0.1 percent solution (by
volume) of Aerosol OT made with distilled water. The beaker and its contents are placed in
an ultrasonic bath and sonicated three times, 10 minutes each time. After each sonication, the
solution is drained into a 500-mL polyethylene screw-cap container and another 100 mL of
fresh Aerosol OT solution is added for the next sonication. The carpet is then removed from
the beaker and the beaker is rinsed with 100 mL of distilled water. - ’

The rinse from the beaker is added to the sample container. The resultant suspension
is shaken vigorously to achieve a "homogeneous suspension of fibers" and then allowed to sit
for 2 minutes. Aliquots of 1-, 5-, 25-, and 125-ml volume are extracted with a disposable
graduated pipette. (These four measured aliquots of different volumes should'be sufficient to
attain an acceptable fiber loading.) Each aliquot is then poured through an approximately
100-mesh stainless steel screen into the top of a filtration apparatus (Millipore Corporation
Cat. No. XX10 025 00). A new glass funnel is used for each carpet sample as well as for
each laboratory blank. (The purpose of the coarse-mesh screen is to remove large nonasbestos
structures from the sample solution before filtration.) The filtration apparatus’ contains a
0.22-um pore size, 25-mm-diameter mixed cellulose ester (MCE) filter (having an effective
area of 230 mm’) backed by a 0.8- to 5-um pore size, 25-mm MCE filter.

When filtration is complete, the 0.22-um mixed cellulose ester filter is carefully
removed from the funnel assembly and placed in a Gelman "Analyslide" dish or equivalent.
The filter is dried before proceeding with the preparation procedure. ‘

Filter Preparation and TEM Analysis: Portions of the 0.22-ym MCE filter are
prepared and analyzed in accordance with the nonmandatory TEM method as described in the
Asbestos Hazard Emergency Response Act (AHERA) final rule (40 CFR 763). Counting is
performed on a sufficient number of grid openings to achieve the required analytical sensitivity
of 1 million asbestos structures per square foot, or completion of the grid opening on which
the 100th asbestos fiber was observed. The fiber-counting results will be expressed in terms
of asbestos structures per square foot of original carpet.
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APPENDIX A (continued)

Duplicate Analysis

A duplicate analysis is the analysis of a second TEM grid prepared from a different
area of the sample filter and analyzed by the same microscopist as the original analysis.

Sample Blank

A sample blank is a sample prepared in a manner identical to that used for the carpet
swatch samples, but no carpet sample is used. These blanks serve as a Quality Control check
on contamination from solutions, glassware, filters, and handling procedures. One sample
blank will be prepared for every 15 samples analyzed.
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APPENDIX B

Individual Airborne Asbestos Concentrations
Before and During Carpet Cleaning, as Determined Using TEM

(Page 1 of 2) ‘
Sample Concentration,
Experiment Cleaning Method Sample Type Number s/cm3
01 CONVENTIONAL DRY VACUUM DURING CLEANING 01A-01D 0.671
01 CONVENTIONAL DRY VACUUM DURING CLEANING 01A-02D 0.885
01 CONVENTIONAL DRY VACUUM DURING CLEANING O1A-06D 0.685
01 CONVENTIONAL DRY VACUUM BASELINE 01A-01B 0.656
01 CONVENTIONAL DRY VACUUM BASELINE 01a-02B 1.852
01 CONVENTIONAL DRY VACUUM BASELINE 01A-058B 0.864
01 CONVENTIONAL DRY VACUUM DURING CLEANING 01pP~-01D 0.640
02 HEPA~FILTERED DRY VACUUM DURING CLEANING 02A-01D 0.146
02 HEPA-FILTERED DRY VACUUM DURING CLEANING 02a-03D  0.207
02 HEPA-FILTERED DRY VACUUM DURING CLEANING 02A-05D 0.152
02 HEPA-FILTERED DRY VACUUM BASELINE 02A-02B 0.274
02 HEPA-FILTERED DRY VACUUM BASELINE 02A-03B 0.093
02 HEPA-FILTERED DRY VACUUM BASELINE 02A-06B 0.121
02 HEPA-FILTERED DRY VACUUM DURING CLEANING 02P-01D 0.124
03 -HOT-WATER EXTRACTION DURING CLEANING 03A-01D 0.146
03 HOT-WATER EXTRACTION DURING CLEANING 03Aa-05D 0.060
03 HOT-WATER EXTRACTION DURING CLEANING 03a-06D 0.120
03 HOT-WATER EXTRACTION BASELINE - 03a~-01B 0.088
03 HOT~-WATER EXTRACTION BASELINE 03A~-03B 0.044
03 HOT-WATER EXTRACTION BASELINE 03A-068B 0.035
03 HOT-WATER EXTRACTION DURING CLEANING 03P-03D - 0.117
04 HOT-WATER EXTRACTION DURING CLEANING 04A-02D - 0.089%
04 * HOT-WATER EXTRACTION - DURING CLEANING 04A-03D 0.072
04 HOT-WATER EXTRACTION DURING CLEANING 04A-04D 0.152
04 HOT-WATER EXTRACTION BASELINE 04A-028 0.025
04 HOT-WATER EXTRACTION BASELINE 042-05B 0.049
04 HOT~-WATER EXTRACTION BASELINE 042~06B 0.045
04 HOT-WATER EXTRACTION DURING CLEANING 04P-03D 0.093
05 CONVENTIONAL DRY VACUUM DURING CLEANING O05A-02D 0.054
05 CONVENTIONAL DRY VACUUM DURING CLEANING OS5A-04D 0.067
05 CONVENTIONAL DRY VACUUM DURING CLEANING 05A~-06D 0.073
0s CONVENTIONAL DRY VACUUM BASELINE OSA-03B 0.039
0s CONVENTIONAL DRY VACUUM BASELINE 05A-05B 0.064
05 CONVENTIONAL DRY VACUUM BASELINE 0S5a-06B 0.056
05 CONVENTIONAL DRY VACUUM DURING CLEANING 05P-03D 0.025
06 HEPA-FILTERED DRY VACUUM DURING CLEANING 06A-01D 0.095
06 HEPA-FILTERED DRY VACUUM DURING CLEANING C6A-02D 0.062
06 HEPA-FILTERED -DRY VACUUM DURING CLEANING 06A-05D 0.055
(o153 HEPA-FILTERED DRY VACUUM BASELINE 06A-02B 0.034
06 HEPA-FILTERED DRY VACUUM BASELINE 06a-03B 0.045
06 ! HEPA—FILTERED DRY VACUUM BASELINE 06A~05B 0.068 -
07 HEPA-FILTERED DRY VACUUM DURING CLEANING 07A-02D 0.054
07 HEPA-FILTERED DRY VACUUM DURING CLEANING 07A-03D 0.031
07 HEPA-FILTERED DRY VACUUM DURING CLEANING 07A-05D 0.044
07 HEPA-FILTERED DRY VACUUM BASELINE 07a-01B 0.0258
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Appendix B
(Page 2 of 2)

Sample Concentration,
Experiment Cleaning Method Sample Type Number s/cm
07 HEPA-FILTERED DRY VACUUM BASELINE 07a-03B 0.035
07 HEPA-FILTERED DRY VACUUM BASELINE 07A-05B 0.014
08 HOT-WATER EXTRACTION DURING CLEANING 08A-01D 0.056
o8 HOT-WATER EXTRACTION DURING CLEANING 08A-03D 0.089
08 HOT-WATER EXTRACTION DURING CLEANING 08A-04D 0.054
08 HOT-WATER EXTRACTION BASELINE O8A-~02B 0.044
o8 HOT-WATER EXTRACTION BASELINE 08a-05B 0.056
08 HOT-WATER EXTRACTION BASELINE 08a-06B 0.026
08 HOT-WATER EXTRACTION DURING CLEANING 08P-03D 0.034
09 CONVENTIONAL DRY VACUUM DURING CLEANING 09A-01D 0.042
0% CONVENTIONAL DRY VACUUM DURING CLEANING 09a-04D 0.047
09 CONVENTIONAL DRY VACUUM DURING CLEANING 0SA-06D 0.000
09 CONVENTIONAL DRY VACUUM BASELINE 02A-~-02B 0.025
09 CONVENTIONAL DRY VACUUM BASELINE 09A-04B 0.015
09 CONVENTIONAL DRY VACUUM BASELINE 09a-0SB 0.005
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Appendix C

Average Airborne Asbestos Concentrations (Determined

by TEM) Before and During Carpet Cleaning

Average Concentration, s/cm3

Cleaning Method Experiment Baseline Dhring cleaning
- CONVENTIONAL DRY VACUUM 1 1.12 0.747
. 5 0.053 0.065
7 0.015 0.030
HEPA-FILTERED DRY VACUUM 2 0.163 0.168
6 0.049 0.071
7 0.025 0.043
HOT WATER EXTRACTION 3 0.056 0.109
4 0.040 0.071
8 0.042 0.066
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Individual Personal Breathing Zone

Appendix D

Concentrations (Determined by PCM) During Carpet Cleaning

. Sample Concentration,

Experiment Cleaning Method Number f/cm3
01 CONVENTIONAL DRY VACUUM 01P-01D 0.016
01 CONVENTIONAL DRY VACUUM 01P-01RD 0.001
01 CONVENTIONAL DRY VACUUM 01P-~-02D 0.015
01 CONVENTIONAL DRY VACUUM 01P-02RD 0.006
01 CONVENTIONAL DRY VACUUM 01P~-03D 0.007
01 CONVENTIONAL DRY “VACUUM 01P-03RD 0.019
02 HEPA~-FILTERED DRY VACUUM 02pP-01D 0.017
02 HEPA-FILTERED DRY VACUUM 02P-01RD 0.000
02 HEPA-~-FILTERED DRY VACUUM 02P-02D 0.011
02 HEPA-FILTERED DRY VACUUM 02P-02RD 0.004
02 HEPA-FILTERED DRY VACUUM 02P-03D 0.008
02 HEPA-FILTERED DRY VACUUM 02P-03RD 0.013
03 HOT~-WATER EXTRACTION 03pP-01D 0.014
03 HOT-WATER EXTRACTION 03P-01RD 0.020
03 HOT~WATER EXTRACTION 03pP-02D 0.018
03 HOT-WATER EXTRACTION 03P-02RD 0.020
03 HOT-WATER EXTRACTION 03P-03D 0.021
03 HOT-WATER EXTRACTION 03P-03RD .0.016
04 HOT-WATER EXTRACTION 04P~01D 0.008
04 HOT-WATER EXTRACTION 04P-01RD 0.020
04 HOT-WATER EXTRACTION 04P-02D . 0.007
04 HOT-WATER EXTRACTION 04P-02RD 0.010 -
04. HOT-WATER EXTRACTION 04P-03D 0.012
04 HOT-WATER EXTRACTION 04P~03RD 0.014
0S5 CONVENTIONAL DRY VACUUM 05pP-01D 0.011
05 CONVENTIONAL DRY VACUU& 05P-01RD 0.000
05 CONVENTIONAL DRY VACUUM 05P-02D 0,003
05 CONVENTIONAL DRY VACUUM 05P-02RD 0.000
0S CONVENTIONAL DRY VACUUM 05P-03D 0.000
05 CONVENTIONAL DRY VACUUM ‘05P-03RD 0.000
06 HEPA-FILTERED DRY VACUUM 06P-01D 0.020
Q6 HEPA-FILTERED DRY VACUUM 06P~01RD 0.015
1013 HEPA-FILTERED DRY VACUUM 0eP-02D 0.021
06 HEPA~-FILTERED DRY VACUUM 06P-02RD ‘0.024
06 HEPA-FILTERED DRY VACUUM 06P-03D 0.012
06 HEPA-FILTERED DRY VACUUM 06P-03RD 0.015
07 HEPA-~FILTERED DRY VACUUM 07P-01D 0.011
07 HEPA-FILTERED DRY VACUUM 07P-01RD 0.014
07 HEPA-FILTERED DRY VACUUM 07P-02D ‘0,006
07 HEPA-~FILTERED DRY VACUUM 07P-02RD 0.016
07 - HEPA-FILTERED DRY VACUUM 07pP-03D 0.006
07 HEPA-FILTERED DRY VACUUM 07P~-03RD 0.010
08 HOT-WATER EXTRACTION 08P-01D 0.015
o8 HOT-WATER EXTRACTION 08P-01RD 0.016
08 HOT~-WATER EXTRACTION 08pP-02D 0.015
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Appendix D
{Page 2 of 2)

Sample Concentration,
Experiment Cleaning Method Number f/cm3
08 HOT-WATER EXTRACTION 08P-02RD 0.022
08 HOT-WATER EXTRACTION 08P-03D 0.00s
08 HOT-WATER EXTRACTION 08P-03RD - 0.006
0% CONVENTIONAL DRY VACUUM 09pP-01D 0.033
09 CONVENTIONAL DRY VACUUM 0SP-01RD 0.019
09 CONVENTIONAL DRY VACUUM 09pP-02D 0.012
09 CONVENTIONAL DRY VACUUM 0SP-02RD 0.024
09 CONVENTIONAL DRY VACUUM 09pP-03D 0.018
09 CONVENTIONAL DRY VACUUM 09P~-03RD 0.023
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Appendix E
Average Personal Breathing Zone Concentrations
(Determined by PCM) During Carpet Cleaning

Average Concentration, f[cm3

During 1st buring 2nd

Cleaning Method Experiment cleaning cleaning
CONVENTIONAL DRY VACUUM 1 0.013 0.009
' 5 0.005 0

7 - 0.021 0.022
HEPA-FILTERED DRY VACUUM 2 ‘ 0.012 ‘ 0.006

6 0.018 0.018

7 0.008 0.013
HOT WATER EXTRACTION 3 ‘ 0.018 0.019

4 0.009 0.015

8 0.012 0.015




" Appendix F
Individual Airborne Asbestos Concentrations
(Determined by TEM) During Carpet Removal

Sample Concentration,

Experiment Cleaning Method Sample Type Number ‘ s/cm3

10 CARPET REMOVAL DURING CLEANING 10A-01D 0.051

10 CARPET REMOVAL DURING CLEANING 10A-02D 0.106

1Q CARPET REMOVAL ~ DURING CLEANING 10A-03D 0.052

10 CARPET REMOVAL ' DURING CLEANING 10A-~-04D 0.103

10 CARPET REMOVAL DURING CLEANING 10A-05D 0.097

10 CARPET REMOVAL DURING CLEANING 10A-06D 0.064

10 CARPET REMOVAL BASELINE 10A~-01B 0.030

' 10 CARPET REMOVAL BASELINE 10A-02B 0.0861
! 10 CARPET REMOVAL BASELINE ~ 10A-03B 0.054
‘ 10 CARPET REMOVAL BASELINE 10A-04B 0.066
10 CARPET REMOVAL BASELINE 10A-05B 0.075

10 CARPET REMOVAL BASELINE 10A-06B 0.052

11 CARPET REMOVAL DURING CLEANING 1iA-01D 0.082

; 11 CARPET REMOVAL DURING CLEANING 11A-02D 0.073
i 11 CARPET REMOVAL DURING CLEANING 11A~03D 0.082
‘ 11 CARPET REMOVAL DURING CLEANING 11A-04D 0.078%
11 CARPET REMOVAL DURING CLEANING 11A-05D 0.155

11 CARPET REMOVAL DURING CLEANING 11A-06D 0.090

11 CARPET REMOVAL BASELINE 11a-01B 0.034

11 CARPET REMOVAL BASELINE 11A-02B 0.036

11 CARPET REMOVAL BASELINE 11A-03B 0.041

11 CARPET REMOVAL BASELINE 11A-04B 0.015

11 " CARPET REMOVAL *" BASELINE 11A-~05B " 0.052

11 CARPET REMOVAL BASELINE ) 11A-06B 0.034

11 CARPET REMOVAL i DURING CLEANING 11pP~04D 0.050
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Appendix G .

Individual Personal Breathing Zone Concentrations

{(Determined by PCM) During Carpet Removal

: Sample Concentration,
Experiment Cleaning Method Number f/cm3
10 CARPET REMOVAL 10pP~01D 0.033
10 CARPET REMOVAL 10P-02D 0.059
11 CARPET REMOVAL 11p-01D 0.045
11 CARPET REMOVAL 11pP-02D - 0.090
11 CARPET REMOVAL 11pP-03D 0.091
11 CARPET REMOVAL 11p-04D 0.061
11 CARPET REMOVAL 11P-05D 0.081
11 CARPET REMOVAL 11P-06D 0.047
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APPENDIX J
SIZE DISTRIBUTIONS OF ASBESTOS STRUCTURES

IN CARPET AND IN AIR PLOTTED BY USING A
LINEAR X-AXIS SCALE
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Figuré J-1. Particle size distribution in carpet before (top) and aftér R
(bottom) dry vacuuming.
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Figure J-2. Particle size distribution in carpet before (top) and
after (bottom) wet cleaning.
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ﬁigure J-3. Particle size distribution in area air before ‘
(top) and during (bottom) dry vacuuming.
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(bottom) wet cleaning. . -
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. Figure J-6. - Particle size distribution in area air before (top) and
during removal of uncleaned carpet.




